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An electronics circuit for accurately digitizing an analog 
audio, video or like data signal into a fourteen bit digital 
equivalent signal/words having thirteen data bits and a sign 
bit and then introducing a dither component into the digital 
equivalent signal. A Read Only Memory which generates an 
eight bit dither component to be added to a selected eight 
bits of each fourteen bit digital equivalent sample. The 

ABSTRACT 

‘ combination of an automatic gain control circuit and a data 
selector circuit is provided which selects eight of the thirteen 
data bits of each sample to supply to a binary adder which 
adds the dither component to each sample. The eight 
selected bits of each thirteen bit data sample provide opti 
mum video, audio or like information for the sample. A 
binary adder is also provided to add the dither component to 
each bit sample before providing the resultant signal to a 
missile’s telemetry system. 

10 Claims, 15 Drawing Sheets 
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DIGITAL CIRCUIT FOR THE 
INTRODUCTION OF DITI-IER INTO AN 

ANALOG SIGNAL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to the conversion 
of electric signals from analog to digital form. More spe 
ci?cally, the present invention relates to a digital circuit for 
translating an analog video or like analog signal into an 
equivalent digital signal with the addition of dither which is 
an arti?cially created noise signal and which provides for a 
reduction of noise and distortion in the signal. 

2. Description of the Prior Art 
The pulse code modulation (PCM) or digital processing of 

analog audio signals has become, or is becoming, the 
mainstream of high ?delity sound recording and reproduc 
tion with the advent and ever increasing commercial accep 
tance of compact discs. The digital processing of analog 
signals in the low to high frequency range is also becoming 
highly useful for analyzing the performance of weapons 
systems such as guided missiles. For example, the analog 
data acquired by a guided missile during ?ight is converted 
to its digital equivalent and then placed in a digital PCM 
frame for transmission to a ground station for analysis. 

There are, however, some problems left unsolved in the 
art of digital processing of analog signals. For example, 
there is a signi?cant difference between the samples of an 
analog signal and the quantized values of the samples which 
is generally referred to as “quantization noise” This differ 
ence becomes particularly pronounced when the input ana 
log signal is low and there are only a small number of 
quantization steps, thereby, for example, distorting repro 
duced sound as higher harmonics in high ?delity sound 
systems. Even when an input analog audio or like signal 
level is high, the quantization noise will distort the signal if 
it changes slowly. 
A prior art solution to this quantization noise problem has 

been the use of dither which is intended to turn the quanti 
zation noise into broad band white noise which has little or 
no effect on reproduced sound or like analog signals and 
which is generally referred to as “white noise” An analog 
dither signal is superposed on the analog audio or like signal 
prior to its digitization and may, or may not be removed from 
the digitized audio signal. _ 

One system of the prior art adds an analog dither signal, 
converted from the output from a digital dither generator by 
a digital to analog converter, to the incoming analog audio 
or analog data signal. The combined analog data and dither 
is digitized by an analog to digital converter and then fed to 
a subtractor circuit. The subtractor circuit is also supplied 
the digital dither directly from the dither generator. The 
subtractor circuit then subtracts the dither component from 
the digital data and dither signal. ‘ 

A second system of the prior art uses an analog dither 
generator in combination with a second analog to digital 
converter for digitizing the analog dither prior to its delivery 
to the subtractor. In this prior art system, analog dither is 
added directly to the analog data signal. The resulting dither 
added data signal is then digitized by the ?rst analog to 
digital converter and the analog dither is digitized by the 
second analog to digital converter preparatory to application 
to the two inputs of the subtractor circuit. 

During the conversion process from an analog signal to its 
digital equivalent, prior art systems often use from as little 
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2 
as three digital bits to one digital bit to represent the 
incoming analog signal. However, in certain applications, 
such as data received from a missile during ?ight, there is a 
need to increase the resolution of the equivalent digital 
signal provided by the missile’s telemetry system. This 
necessitates the use of, for example, fourteen bit equivalent 
digital words to represent the incoming analog signal. This 
increase in the number of bits to represent the incoming 
analog signal results in a signi?cant decrease in the error 
being introduced in the higher resolution bits (least signi? 
cant bits) and a signi?cant increase in the bandwidth 
required for transmission of the digital equivalent signal 
provided by the missile’s telemetry system. By utilizing a 
form of automatic gain control (AGC) after the incoming 
analog signal is converted to its digital fourteen bit equiva 
lent, a subset, for example, of eight of the fourteen bits may 
be'transmitted with a signi?cant increase in the accuracy and 
resolution of the transmitted digital information within a 
reduced bandwidth. 

In view of the foregoing, it is an object of the present 
invention to provide an electronics circuit for accurately 
converting an analog audio or like data signal into its digital 
equivalent. 

It is a further object of the present invention to provide a 
reliable yet relatively simplistic and inexpensive electronics 
circuitry for converting an analog audio or like data signal 
into its digital equivalent. 

It is yet a further object of the present invention to provide 
electronics circuitry which is capable of operation with high 
resolution and conversion accuracy. 

It is still a further object of the present invention to 
provide electronics circuitry which is capable of operation 
with a minimum bandwidth. 

The above and other novel features and advantages of the 
present invention and the manner of realizing them will 
become more apparent and the invention will be best under 
stood from a study of the following description and 
appended claims, with reference to the attached drawings. 

SUMMARY OF THE INVENTION 

According to the present invention, brie?y stated, there is 
provided an electronics circuit for accurately digitizing an 
analog audio, video or like data signal into a fourteen bit 
digital equivalent signal, extracting a set of information bits, 
and then introducing a dither component into the digital 
equivalent signal. The fourteen bit digital equivalent signal/ 
word includes thirteen data bits and a sign bit which indi 
cates whether the digital equivalent signal is positive or 
negative. 
The electronics circuit of the present invention is charac 

terized by an Read Only Memory (ROM) which generates 
an eight bit dither component to be added to the digital 
equivalent signal and a synchronous binary counter which 
provides addressing to the ROM. A ?rst in ?rst out memory 
is used for temporary storage of the fourteen bit digital 
equivalent signal until the electronics circuit is ready to 
process the digital equivalent signal. 

There is provided to the electronics circuit a three bit 
digital signal which is decoded by a decoding circuit to 
provide a ?ve bit digital signal which is supplied to an 
automatic gain control circuit and a down counter. There is 
also provided to the automatic gain control circuit a digital 
sample which includes the four most signi?cant bits of each 
digital equivalent signal/word and the sign bit. 
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The ?ve bit signal when provided to the down counter 

initializes the down counter to a count which determines the 
number of digital samples to be processed by the automatic 
gain control circuit. The down counter then resets the gain 
control circuit when the count reaches zero by providing a 
pulse to the gain control circuit. The gain control circuit may 
either average the digital samples to provide a four bit signal 
representative of the average value of the digital samples or 
provide a four bit signal representative of the peak magni 
tude value for the digital samples. This four bit signal is 
supplied to a data selector circuit and a gain encoder which 
then provides a three bit signal indicative of the gain for the 
digital samples being processed. 

Since the electronics circuit of the present invention is 
limited to providing eight bits for each fourteen bit equiva 
lent word supplied to the circuit, the data selector circuit, in 
response to this four bit signal, selects nine of thirteen bits 
(excluding the sign bit) of each sample to supply to a binary 
adder which adds the dither component to each sample. The 
eight selected bits with dither added thereto by the binary 
adder from each fourteen bit sample provide optimum video, 
audio or like information for the sample. 
The binary adder also provides for an over?ow condition 

which results in each of the eight selected bits being set at 
the logic one state and an under?ow condition which results 
in each of the eight selected bits being set to a logic zero 
state. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the digital circuit for the 
introduction of dither into an analog video or like signal 
constituting the present invention; 

FIG. 2 is a block diagram of the video doppler processing 
circuit of FIG. 1; 

FIG. 3 is a timing diagram illustrating some of the 
waveforms occurring at the inputs and outputs of the circuit 
of FIG. 2; 

FIG. 4 is a detailed logic circuit diagram of the fourteen 
bit serial to parallel converter of the circuit of FIG. 2 

FIG. 5 is a detailed logic diagram of the three to eight 
decoder of the circuit of FIG. 2; 

FIG. 6 is a detailed logic diagram of the clock generating 
circuit of the circuit of FIG. 2; 

FIGS. 7a and 7b is a detailed logic diagram of the down 
counter of the circuit of FIG. 2; FIG. 8 is a detailed logic 
diagram of the gain circuit of the circuit of FIG. 2; 

FIG. 9 is a detailed logic diagram of the peak detector 
circuit of the circuit of FIG. 8. 

FIG. 10 is a detailed logic diagram of the averaging circuit 
of the circuit of FIG. 8; 

FIG. 11 is a detailed logic diagram of the ?lter select 
circuits of the circuit of FIG. 8; 

FIG. 12 is a detailed logic diagram of the gain encoder of 
the circuit of FIG. 2; 

FIG. 13 is a detailed logic of the data selector circuit of 
the circuit of FIG. 2; 

FIG. 14 is a detailed logic diagram of the bit selector 
circuits of the circuit of FIG. 13; and 

FIG. 15 is a detailed logic diagram of the dither adder 
circuit of the circuit of FIG. 2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIG. 1 an analog video or like data signal is 
supplied to the data input of an analog to digital converter 21 
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4 
which converts the analog data signal to an equivalent 
fourteen bit digital signal. A clock signal generator 23 
supplies a ?ve megahertz system clock signal to the clock 
input of analog to digital converter 23 with the ?ve mega 
hertz system clock signal being provided to analog to digital 
converter 23 to allow converter 23 to convert the analog data 
signal to the equivalent fourteen bit digital signal. 
The clock generator 23 is also connected to the clock 

input so as to supply the ?ve megahertz system clock signal 
to the synchronous binary counter 25 which, in response to 
the ?ve megahertz system clock signal, provides addressing 
to a Read Only Memory (ROM) 27 which functions as a 
dither generator. Dither generator 27, in turn, provides an 
eight bit dither signal/word (white noise) to a doppler video 
processing circuit 29. 
The analog to digital converter 21 used in the preferred 

embodiment of the present invention is a Model MAXl2l 
BiCMOS serial-output, sampling 14-bit analog-to-digital 
converter manufactured by MAXIM Integrated Products of 
Sunnyvale, ‘California. 

Referring to FIGS. 1, 2, 3 and 4, doppler video processing 
circuit 29 receives from analog to digital converter 21 the 
fourteen bit digital equivalent signal (identi?ed as the 
SDATA signal of FIG. 3). This fourteen bit digital equivalent 
signal is supplied to the data input of a fourteen bit serial to 
parallel shift register 41 which comprises four 4 bit serial to 
parallel shift registers 43, 45, 47 and 49. Each shift register 
43, 45, 47 and 49 is of well known design and may, for 
example, include four serially connected D type ?ip-?ops, 
not illustrated. The clock signal used to convert the fourteen 
bit digital equivalent signal from a serial to a parallel format 
is the ?ve megahertz system clock signal which is illustrated 
in FIG. 3 as SCLK. 

It should be noted at this time that analog to digital 
converter 21 also provides the FSTRT signal of FIG. 3 which 
indicates that analog to digital converter 21 is converting 
another sample of the incoming analog video or like data 
signal to its fourteen bit digital equivalent signal. It should 
also be noted that converter 21 provides data in sixteen bit 
intervals with the additional two bits being required to allow 
converter 21 to set up for conversion of a succeeding sample 
of the incoming analog video or like data signal. 
The parallel fourteen bit equivalent words from serial to 

parallel converter 41 are supplied to a synchronous ?rst-in 
?rst-out memory 31. The SI signal of FIG. 3 which is 
generated by circuit 29 strobes the fourteen bit equivalent 
words of FIG. 3 into ?rst-in ?rst-out memory 31, while the 
SO signal of FIG. 3 which is also generated by circuit 29 
strobes the fourteen bit equivalent words of FIG. 3 out of 
?rst-in ?rst out memory 31 on a ?rst in ?rst out basis. 

As is best illustrated by the waveforms of FIG. 3, the ?rst 
fourteen bit digital stored in memory 31 by the SI signal of 
FIG. 3 is hexadecimal 0A2A. This hexadecimal OA2A 
equivalent signal, FIG. 3, is then provided to the FO(13 . . 
. 0) input of circuit 29. The second SI pulse of FIG. 3 results 
in a hexadecimal 0A6B equivalent signal being stored in 
memory 31. This hexadecimal 0A6A equivalent signal, FIG. 
3, is next retrieved from memory 31 by the second SO pulse 
of FIG. 3 and then provided to FO(13 . . . 0) input of circuit 
29. The third SI pulse of FIG. 3 results in a hexadecimal 
0A6A equivalent signal being stored within memory 31. 
This hexadecimal 0A6B equivalent signal, FIG. 3, is next 
retrieved from memory 31 by the ?rst SO pulse of FIG. 3 
and then provided to FO(13 . . . 0) input of circuit 29. 

The synchronous ?rst-in ?rst-out memory 31 used com 
prises four cascadeable 64x4 bit word a synchronous ?rst—in, 
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?rst-out memories, Model No. CY7C404 manufactured by 
Cypress Semiconductor of San Jose, Calif. 

Referring to FIGS. 1, 2, 3 and 5, there is provided by the 
rnissile’s telemetry system a three bit word which is supplied 
to the D(2 . . 0) input of a three to eight bit decoder 53. For 
the timing waveforms illustrated by FIG. 3 the three bit word 
is 0,1,0 resulting in logic zeros being supplied to the inputs 
of inverters 55 and 59 and a logic one being supplied to the 
input of inverter 57. The output of inverters 55 and 59 will 
transition to the logic one state resulting in logic ones at the 
?rst, second and third inputs of AND gate 67 thereby 
causing the output of AND gate 67 to transition to the logic 
one state. The logic one occurring at the output of AND gate 
67 and the logic zeros occurring at the outputs of AND gates 
61, 63, 65 and 69 are next supplied to the D(4 . . 0) inputs 
of a gain circuit 71 and the D(4 . . 0) inputs of a down 
counter 113. 

It should be noted that the three bit word supplied to 
decoder 53 determines the time delay between the SI signal 
of FIG. 3 and the SO signal of FIG. 3 which for the timing 
waveforms of FIG. 3 is about twelve microseconds. Thus, as 
is best illustrated by FIG. 3 four fourteen bit words (SDATA 
of FIG. 3) are stored in memory 31 when the ?rst stored 
fourteen bit word is retrieved from memory 31 as a result of 
the occurrence of the ?rst SO pulse of FIG. 3. 

Referring now to FIG. 1, 2, 3 and 6, there is shown a clock 
generating circuit 51 which receives the ?ve megahertz 
system clock signal of FIG. 3 from analog to digital con 
verter 21 as well as the FSTRT signal of FIG. 3. and a CLRN 
signal, FIG. 3, which is provided by the rnissile’s telemetry 
system. As shown in FIG. 3, a logic zero CLRN pulse is 
supplied to the CLRN input of clock generating circuit 51 
clearing Flip-Flops 77, 79, 85, 89, 93, 101 and 109 which 
results in logic zeros at the Q outputs of these Flip-Flops. 
The ?ve megahertz system clock signal (SCLK, FIG. 3) 

is supplied to the SCLK input of clock generating circuit 51 
and then inverted by an inverter 75 resulting in an inverted 
system clock signal being provided to the clock input of 
Flip-Flop 79. The ?rst FSTRT pulse of the FSTRT signal of 
FIG. 3 occurring after the CLRN signal transitions to the 
logic one state will cause the logic one at the D input of 
Flip-Flop 85 to be clocked to its Q output. This logic one is 
supplied to the D input of Flip~Flop 79 and then clocked 
through Flip-Flop 79 to its Q output by the next FSTRT 
pulse of the FSTRT signal of FIG. 3. This logic one is 
supplied to the D input of Flip-Flop 79 and then clocked 
through Flip-Flop 79 to its Q output by the inverted system 
clock signal resulting in logic one at the ?rst input of an 
AND gate 73 and the input of an inverter 81. The logic one 
at the ?rst input of AND gate 73 enables AND gate 73 
allowing a single clock pulse of the system clock signal of 
FIG. 3 to pass through AND gate 73 to the SI output of clock 
generating circuit 51 resulting in the ?rst SI pulse of the SI 
signal of FIG. 3. 

Inverter 81 inverts the logic one at its input to a logic zero 
which passes through AND gate 83 to the clear input of 
Flip-Flop 77 clearing the Q output of Flip-Flop 77 to the 
logic zero state. This logic zero is supplied from the Q output 
of Flip-Hop 77 and clocked through Flip-Flop 79 to the ?rst 
input AND gate 73 disabling AND gate 73. 

Another FSTRT pulse when provided to the clock input of 
Flip-Flop 77 clocks the logic one at the D input of Flip-Flop 
77 to the D input of Flip-Flop 79. The inverted system clock 
signal of FIG. 3 will next clock the logic one at the D input 
of Flip-Flop 79 to the ?rst input of AND gate 73 enabling 
AND gate 73 allowing another clock pulse of the system 
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6 
clock signal to pass through AND gate 73 to SI output of 
circuit 51 resulting in a second SI pulse of the SI signal of 
FIG. 3. Successive SI pulses of the SI signal of the FIG. 3 
are provided in the same manner. 

The S1 pulse of the SI signal of FIG. 3 is provided to the 
?rst input of an OR gate 105 causing the output of OR gate 
105 to transition to the logic one state. The S1 pulse of the 
SI signal of FIG. 3 is also supplied through OR gate 105 to 
the clock input of a Flip‘Flop 109 clocking the logic one at 
the D input of Flip-Flop 109 to its Q output and then to the 
second input of OR gate 105 so that the output of OR gate 
105 remains at the logic one state. 

The logic one at the Q output of Flip-Flop 109 is supplied 
to the clear inputs of Flip-Flops 89, 93 and 101. The system 
clock signal of FIG. 3 then toggles Flip-Flop 89 which 
toggles Flip~Flip 93 which toggles Flip-Flip 101 until the Q 
outputs of Flip-Flops 89, 93 and 101 are each at the logic one 
state resulting in logic ones being provided to each input of 
NAND gate 103. The output of NAND gate 103 will 
transition to the logic zero state causing Flip-Flip 109 to be 
reset such that the Q output of Flip-Flop 109 will transition 
to the logic zero state. This logic zero is supplied to the 
second input of OR gate 105 causing its output to transition 
to the logic zero state and remain at the logic zero state until 
another SI pulse of the SI signal of FIG. 3 is supplied to the 
clock input of Flip-Flop 109. The logic zero at the Q output 
of Flip-Flop 109 is also supplied to the clear inputs of 
Flip-Flops 89, 93 and 101 clearing these Flip-Flops which 
results in a logic one at the output of NAND gate 103 which 
is supplied to the clear input of Flip~Flop 109. 

It should be noted Flip-Flops 89, 93 and 101 are con?g 
ured t0 ?rnction as a three bit binary counter with each Q 
output being at the logic one state after a count of eight, that 
is eight pulses of the system clock signal of FIG. 3. 
The signal occurring at the output of OR gate 105 is 

supplied through the CLK output of circuit 51 to the input 
of an inverter 111 which inverts the signal resulting in the 
CLK signal of FIG. 3. 

Referring to FIGS. 1, 2, 3, 7a and 712, when the CLRN 
signal of FIG. 3 is at the logic zero state, Flip-Flop 167 is 
cleared resulting in a logic zero at the Q output of Flip-Flop 
167 disabling AND gate 169. The logic zero occurring at the 
CLRN input of down counter 113 is also supplied to an 
inverter 165 which inverts the logic zero to a logic one 
which is next supplied through a OR gate 159 to the ?rst 
inputs of NAND gates 161, 153, 151, 147, 145, 139, 135, 
133, 129, 127 and 125 enabling NAND gates 161, 153, 151, 
147, 145, 139, 135, 133, 129, 127 and 125. For the timing 
waveforms illustrated by FIG. 3 logic zeros are provided to 
the D0, D2, D3 and D4 inputs of down counter 113 and a 
logic one is provided to the D1 input of down counter 113. 

Since the D4 input of down counter 113 is at the logic zero 
state the logic one occurring at the output of inverter 155 
will be supplied to the second input of NAND gate 161 
resulting in a logic zero at the output of NAND gate 161. 
The logic zero is supplied to the clear inputs of Flip-Flops 
241 and 243 resetting these Flip~Flops such that their Q 
outputs are at the logic zero state. Since the D3 input of 
down counter 113 is at the logic zero state a logic one is 
provided at the output of inverter 149 which is supplied to 
the second input of NAND 151 resulting in a logic zero at 
the output of NAND gate 151. The logic zero is then 
supplied to the clear inputs of Flip-Flops 237 and 239 
resetting these Flip-Flops such that their Q outputs are at the 
logic Zero state. 

Since the D2 input of down counter 113 is at the logic zero 
state a logic one is provided at the output of inverter 143 
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which is supplied to the second input of NAND 145 result 
ing in a logic zero at the output of NAND gate 145. The logic 
zero is then supplied to the clear inputs of Flip-Flops 233 
and 235 resetting these Flip-Flops such that their Q outputs 
are at the ‘logic zero state. 

The logic one occurring at the D1 input of down counter 
113 is inverted through NAND gate 135 to a logic zero and 
supplied to the preset inputs of Flip-Flops 229 and 231 
resulting in the Q outputs of these Flip-Flops being set to the 
logic one state. The Q outputs of Flip-Flops 221, 223, 225 
and 227 are similarly set to the logic zero state by the logic 
zero portion of the CLRN signal of FIG. 3. 

After the CLRN signal transitions to the logic one state, 
down counter 113 will become operational with the Q 
outputs of Flip-Flops 243, 239, 235, 231, 227 and 223 being 
respectively 0,0,0,l,0,0. The INV_CLK signal (inverted 
clock) of FIG. 3 will then cause down counter 133 to begin 
its down count. Down counter 113 will continue its down 
count until the Q outputs of Flip-Flops 243, 239, 235, 231, 
227 and 223 are respectively 0,0,0,0,0,l. The logic one at the 
Q output of Flip-Flop 223 is then supplied to inverter 171 
which inverts the logic one to a logic zero. Since the Q 
outputs of Flip-Flops 243, 239, 235, 231 and 227 are now at 
the logic zero state and the output of inverter 171 is a logic 
zero each input to NOR gate 247 is a logic zero resulting in 
logic zero to one transition at the output of NOR gate 247 
(identi?ed as the 24.CLK signal of FIG. 3). The logic one 
from NOR gate 247 is supplied through the LOAD input of 
down counter 113 to AND gate 157 enabling AND gate 157 
allowing the logic one portion of the INV_CLK signal of 
FIG. 3 to pass through AND gate 157 and OR gate 159 to 
the ?rst inputs of NAND gates 161, 153, 151, 147, 145, 139, 
135, 133, 129, 127 and 125 again enabling NAND gates 161, 
153, 151, 147, 145, 139, 135, 133, 129, 127 and- 125. 
Enabling NAND gates 161, 153, 151, 147, 145, 139, 135, 
133, 129, 127 and 125 allows another ?ve bit word from 
three to eight decoder 53 to be loaded into the Flip-Flops of 
down counter 113. 

When the output of NOR gate 247 transitions from the 
logic zero state to the logic one state, the logic one at the D 
input of Flip-Flop 255 is clocked to its Q output and then 
supplied to the ?rst input of an AND gate 257 enabling AND 
gate 257. This allows the SI signal of FIG. 3 to pass through 
AND gate 257 to the SO output of circuit 29 which results 
in the SO signal of FIG. 3 being provided at the SO output 
of circuit 29. 

As is best illustrated by the timing waveforms of FIG. 3, 
there is a delay of four pulses of the INV_CLK signal of 
FIG. 3 between the generation of the ?rst SI pulse and the 
generation of the ?rst SO pulse. This is the result of the three 
to eight decoder 53 providing a count of four to down 
counter 113. 

Referring to FIGS. 1, 2 and 8 the logic zero portion of the 
CLRN signal of FIG. 3 is provided through the clear input 
of a gain circuit and an AND gate 260 to the clear inputs of 
a peak detector circuit 263, an averaging circuit 265 and the 
preset input of a four bit latch. This logic zero clears peak 
detecting circuit 263 and averaging circuit 265. This logic 
zero signal also presets the Q0-Q3 outputs of circuit 267 to 
the logic one state. 

The ?ve most signi?cant bits of each digital sample of the 
incoming analog signal are provided to gain circuit 71 after 
each digital sample is converted to a parallel format by serial 
to parallel converter 41. These ?ve bits FI13 through FI9 
include a sign bit FI13 and four data bits FI12, FI11, F110 
and FI9. When the sign bit is at the logic one state the digital 
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equivalent signal is negative and in twos complement form 
and when the sign bit is at the logic zero state the digital 
equivalent signal is positive. 
The sign bit is ?rst provided to the D4 input of a ?ve bit 

latch 261, while the four data bits FI12, FI11, F110 and FI9 
are provided respectively to the D3, D2, D1 and D0 inputs 
of ?ve bit latch 261. The logic zero to one transitions of the 
INV_CLK (inverted clock) signal of FIG. 3 latch the four 
data bits FI12, FI11, F110 and FI9 and sign bit FI13 of each 
digital sample into latch 261. The sign bit FI13 is supplied 
to the first inputs of EXCLUSIVE-0R gates 269, 271, 273 
and 275, while the data bits FI9, FI10, F111 and FI12 are 
provided respectively to the second inputs of EXCLUSIVE 
OR gates 269, 271, 273 and 275. When the sign bit FI13 is 
one indicating a negative number each data bit FI9, FI10, 
FI11 and FI12 is inverted by EXCLUSIVE-OR gates 269, 
271, 273 and 275. When the sign bit F113 is zero indicating 
a positive number each data bit FI9, F110, F111 and FI12 
remains at the same logic state when passing through 
EXCLUSIVE-OR gates 269, 271, 273 and 275. 

Referring to FIGS. 1, 2, 3, 8 and 9, there is shown the peak 
detector circuit 263 which includes a latch 281 and latch 297 
as well as a comparison circuit 282 having three NOR gate 
283, 285 and 287; AND gates 289, 291 and 293 and 0R gate 
295. When the ?rst digital sample of four digital samples is 
supplied to circuit 263, comparison circuit 282 will provide 
a logic one at the output of OR gate 295. For example, when 
the bits FI9, F110, F111 and FI12 are respectively 0,1,0,0 a 
logic one is provided to the ?rst input of AND gate 291 and 
logic zeros are provided to the ?rst inputs of NOR gates 283 
and 285. Since the Q2 and Q3 outputs of latch 297 are at the 
logic zero state the outputs of NOR gates 283 and 285 are 
logic ones resulting in logic ones to the second and third 
inputs of AND gate 291. The output of AND gate 291 is now 
at the logic one state resulting in logic one at the output of 
OR gate 295 which is provided to the ?rst input of AND gate 
296 enabling AND gate 296. Since inverter 294 inverts the 
INV_CLK signal, the signal provided through AND gate 
296to the clock input of latch 281 is identical to the CLK 
waveform illustrated in FIG. 3. The leading edge of this 
signal will latch bits FI9, FI10, FI11 and F112 into latch 281. 
The leading edge of the INV_CLK signal of FIG. 3 will 

next latch the three most signi?cant bits FI10, F111 and FI12 
into latch 297 so that the Q1, Q2 and Q3 outputs of latch 297 
are respectively 1,0,0. 

If the second digital sample provided to circuit 263 has 
bits 0,0,l,0 then logic zeros are provided to the ?rst and 
second inputs of NOR gate 283 resulting in a logic one at its 
output. Since the D2 line of circuit 263 is also at the logic 
one state, logic ones are being supplied to each of the inputs 
of AND gate 289 resulting in a logic one at its output which 
is then supplied through OR gate 295 to the ?rst input of 
AND gate 296 again enabling AND gate 296. 

Bits 0,0,l,0 are ?rst latched into latch 281 by the CLK 
signal of FIG. 3 and then bits 0,l,0 are latched into latch 297 
by the INVMCLK signal of FIG. 3. 

If the third and fourth digital samples are 0,1,0,0 then the 
outputs of NOR gates 285 and 287 will be logic zeros, the 
output of NOR gate 283 will be a logic one and the outputs 
of AND gates 289, 291 and 293 will be logic zeros resulting 
in a logic zero at the output of OR gate 295. This logic zero 
is next supplied to the ?rst input of AND gate 296 inhibiting 
AND gate 296 which prevents the CLK signal from passing 
through AND gate 296 to the CLK input of latch 281. 

Since the P/A input to gain circuit 71 is at the logic one 
state AND gates 307, 309, 311 and 313 are enabled allowing 












